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Description nroces ses for their preparation and the 

(or instance in US Patent 2.946 - 763 ;" * ^ ° flow index . A reduction of viscosity lea dato a oe y How . 

eve, the use of a higher percentage tetra fluoroethylene and hex- 

lower rating temperature. FEP copolymers containing, besides " oe rfluoroethyl- 

vinylether. These terpotymers have a viscosity Accor ding to fr.a same 

hexafluoropropene. orooerties at high temperature (200»C) remain still ^ a , ine s 38-39 and 

Nevertheless. mechan,ca P^'« f ^ suitab , e a s third monomer (see. m particular co.. 

patent above, perf.uoromethylv.ny.ether ,s not perfluor oa.ky. 
, comparative examp.e AV use as ^ mono mer. of perfluoroa.kylvinylethers wherein 

) US Patent 4.587.316 sugges ts the use^as 4 ^ iQ ^ 

aroup contains an even higher number of caroo he xafluoropropene and about 0.4 y 

9r ° U ?ypica..y a FEP -n-^^^ -~ " ^ 

fluoropropylvinylether and having a men ma 
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30 



melting temperature, about 260 C 
stress at break at 200'C. abour 4 MPa. 
yield stress at 200"C. about 3 MPa. 



me methods for determining these P<°P«^^^^ 

JenerX. superior mechanical P«^^^S.92B. independently from the me « J^ uo(0-kyM . 
wih perfluoropropy^nyjeth- as the number ^SLS^ ^ ' nCfeaSeS ' 

The performances of this class or roy j ' . decreases when the perfluoroamyi sey ljvity ot pe r- 

n,.e«.aw»p^'^ 

Mill remaining, howev... mo . produc ,iv«y ol me polymecizalK* B 9 ov „ (s e e lor intaoce 

of properties com P arab, ^*^ e sn ° rtcom ings described above. jnrte amounts ot perfluor- 

remedying at the same time the shoncom i « tner mop r ocessable copolymers with aei "™ ena0 wed with a 
" ,t has'now been surprisingly «^J/*™™? S described hereinbelow. stress re- 

omethylvinylether and one or properti es at high temperatures (even at 250 C) ^ of 

very good combinatton of thermal^ ^^^^..c cables by ^^^^USL e£oU™ <* 
sistance. making them P 8 """^ 3,^,,. 8inC e the performances o the TFE .p e muoropropyl- 
th ese copotym ers are P a *^ alone are ^J^^^^n. derrves from the 

tetrafluoroethylene (TFE) ^J^™" of these copolymers. *^°! tr ? r P ™!„ reactjve than both perfluoro- 

vinylether copolymers. A P**«^ ^te n 9 the CO polymertea«on with TFE, by far ™" ^^.opene. 
facHthat P-rft**-"*^^^^ a higher number of carbon , atoms ^^^^ preparing 
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CF = CF 
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European patent application 76.581 describes the fo.towing .lass of compounds. 



r-v "V 

I ! 
c o 

\ / 
c 

/ \ 



c or ri while B> is a perfluoroalkyl radical having from 1 to 4 carbon atoms. 
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CF =- C 
I I 

o o 

\ / 

CF, 



which in the following will be indicated with PD. particular with tetrafluoroethylene. and terpolymers 

From these fluorodioxoles. homopolymers and copolymers, .r ' P a "™* can be obtaine d. These homopol- 

' ,o This causes problems during storage ^ m ™££%£ ^p'oblem especially arises in the preparation of amor- 
mogeneous monomer distribut.on along the polymeric cnan j rasp f fluorod ioxole). 

phoU copolymers (name*, co P o,ymers ^^^^^^^^^ in US Patent 4.558.141 . In spite 
The preparation of PD is preferably earned out in tetra hydrotu an a ^ js a(ways present 

o. the difference in the boiling points of PD ^™^™<%£^l£^ before proceeding to PD po- 
in perf.uorodioxo.e after distillation. As a rule. t««**^ n ™ Ration. This further steps, which render the 
iymerization. for instance by treatment wrth ^^^^S^rt. of tetrahydrofuran cause variations m 
process even more cumbersome; are necessarybecause even ™ «™ h polymer as such. For instance. 

fhTfina. polymer characteristics, by substantially reduc.ng when the tetrahydrofuran content 

Lg.ass^ionte^^^ 

^epf^^ 

taneS" ^^"^ thermoprocessable co- 

„ has also been found.that these newflu ° nna ^° X ^ of the prior art. 
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According to .nternauona paten, JPj^^ 9 ^^. ato ^ s „ in anti position) is higher than that of s,n 
rre" ^"^2 ET^S. P°^n, A certain increase ,n the re.ative amount of an.i isomer ,s 

obta-ned by treating the mixture of isomers w«h SbCI^ and HF perfluorodioxo , e s object of the present inven- 

There have now been found three processes for prepar.ng the me * Pe™°™ 1 ^ ield in the 

tion. through the corresponding dioxolanes conta.n.ng two CI ato ^ S an S t ^ s h P r ° CeSSeS ^ * 
deha.ogenation reaction without enriching the starting < £^^nuo«*i^ which do no. homopo- 

dowed with good mechanical properties and ^^^ n ^^ mo0fOCe8sabte copo |ymers of tetrafluoroethylene 

^ '^z^zsr^rjrr^ sees 

25 of the present invention. 

These copolymers are constituted by: 

a) from 0 5 to 1 3% by weight of pert luoromethy Ivinylether; 

b ) from 0.05 to 3% by weight of one or more fluorinated dioxoles of formula: 
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CF = C -OR 

cx x„ 

1 2 



(I) 



wherein R is a perf.uoroa.Kyle radica. having from 1 to 5 carbon atoms, and X, and X 2 , equa. or dKferent from each 
40 T^ZlZZt™. in such an amount tha, the sum of the percentages of the var^us monomers is equal to 
100% by weight. 

T^e preferred percentages by weight of the three types of monomers is the following: 
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perfluoromethytvinylether: 2-9%; 

total fluorodioxole or fluorodioxoles;. 0.1-1.5%; 

tetrafluoroethylene: difference to 100%. 
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VMM,, on me reaclion ""^J^^ cXXadds V glance ammonium prttow** 
surfactant. II is possible lo use tne salts a J^°^Mn^a> sans. described lor instanc. in European palem 
OM suilable compounds are f^^^^T^^^^ substances .Men are solvents lor Ihe 
application No 184.459. Optionally ''^^^^^Z^L^ , . , .2-ln*k»o-. .2.2-lnl,uo,oethane, 

"'Tresull. partieufcny aovantaoeous ,o car, « 

s^ y -^n ™gp. - - • 

r b^r^rrr rrr m xTsi T bfe :«=Xi p— — - — 



oxides 



CF = C - OR F 
I I 

O O (I) 

\ / 

cx t x 2 



wherein R F is a perf.uoroa.Ky. radica. having from 1 to 5 carbon atoms. and X, and X, eo.ua. or dtfferent .rom each 

other, are F or CF 3 . 
30 Preferably. X, and X2 are both fluorine atoms 

Among the preferred perfluorodioxo.es. the following can be cited. 

C? =C - O - CF, 
35 ! ' (IV) 

O o 
\ 

CF. 
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CF = C - O - C 5 F S 

I ' (V) 

o o 

v / 
CF. 



CF = C - O - C,F 7 

I ' (VI) 

O O 

\ / 
CF. 
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CF = C - 0 - C,F, 

! { (v:i) 

0 o 

\ / 

CF. 

CP = C - 0 - C s Fn. 

1 I (VIID 

o o 

\ / 

CF, 

hich comprises: 
1°) reacting 

CCL = CC1 



o ° 

X / 



c ~r re \ with a fluorooxycompound of formula RpOF 



C?C I CC1 - OR F 

i I 

c o 

\ / 

cx x x 2 



(II 



2 , dena^o « a— o.„ by — - • — ^ - -~ *~ — * " ™ 

techniques. 

riA<;rribed in European patent application No. 460.94b. . q c c Qf can b e prepared, for instance, by 

a,e c£onW*J=on. and P0*™^°'? ^^SSSS.. CF,C, 2 and CFC^F C, 

age numeric molecular »eignl between 500 and 1 .000. Amone cnio Fomblin m w uttmonl. KiyBKl»> by 



D02 of formula: 
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CF. - (OCF-CF 2 ).,(OCF : >,-OCF s 



( IX) 
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h aving n/m epua. to 40 and ™^»^Z^J^^ above mentioned liquid phase. However, it 

Ths lluorooxy compound R F -OF can Be leo ail a ™ „.„,„,., „„._«„ in [re aas sta is, in Ihe liquid pnase. 

, s ™. wonhwhils. irom an MM poin, ot v.* ^^^^'^IS^ condilions. in panicuia, N2. 

■second process"), which comprises: 

1., reacting at a temperature o, from -^C to .60'C (and preferab.y from -1,0-C to -20°C) an olefin of formufc 
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R F -0-CCI=CFCI (X) 



(wherein R f is a perfluoroalky. group having from i to 5 carbon atoms) with a bisfluorooxy compound o, formu.a 

CX^OF)., (X,) 
(wherein X, and X 2 . equa. or dtfferent from each other, are F or CF 3 ). obtaining a dioxoiane of formula: 



CFC1 CC1 - 0R F 

| I 

o o d 11 * 

cx,x 2 



■« 2») dehalogenating the dioxoiane (III) by reaction with a metal in an aprotic dipolar solvent. 

Olefin (X, can be prepared ^ reacting CC^CC, with B OF. to obtain R F -OCC,-CFC, which, by dechlorination 

isomer prevails in the dioxoiane. nreoared with a further process (called 

The new perfluorodioxoles object of the present mvent.on can also be Prepared wnr i a 
hereinafter Z d process"), which comprises reacting a gaseous flow of a d.oxolane of formula - 



CF C1 CH - 0R F 

I ' 
O o 

\ / 

cx.x. 



(XI) 
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optionally in m.xture with a dioxolane of formula 



CFH CC1 - OR, 



0 



o 

/ 

cx.x. 



(Xi: 



'0 



15 



20 



f from 20' to 150-C. This reaction causes dehydrochiorination with 

:^~2«2s=- — 

(OF) 2 . obtaining the dioxolane 

CC1H CC1H 



0 ° 



25 



cx,x : 

which by dehydrohaiogenation wrth so.id KOH grves the dioxo.e 

CH =• 

30 , I 

CX L X, 



CC1 
I 

0 
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R -of and (CX 1 X 2 )OF 2 . 
Preferred copolymers are those with tetrafluoroexnyien 
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For instance generally employable polymerization methods in an aqueous medium are described in European 
patent application No. 247.379 and in US Patent No. 4.846.006; generally employable polymerization methods in a 
non-aqueous medium are described in US Patent Nos. 4,364,006 and 5, 182.342. ^ ' aM 

By homopolymerizing. for instance, 2.2,4-tr,fluoro-5-trifluoromethoxy-1 .3-dioxole (IV). homopolymers are obtained 

of formula: 



oc? 3 
I 

CF — C — 



O O 

\ / 
CF, 



(IX) 



n 



The homopolymers with n = 4-7 are viscous oils; with n > 1 0, transparent sohds are obtained. 

The oils obtained by homopolymerization of the perfluorodioxoles object of the present invention are useful n 
particular as lubricating oils and oily components for lubricating greases; the solid polymers are particularly surtable 
for coatings having low diffraction index, in particular for optical fibers. ™ ctal ij ne if 

The copolymers of the perfluorodioxoles object of the present invent.on with tetrafluoroethylene are crys^ine if 
the content in Lorodioxo.e is relatively low, and amorphous if the content is relatively high. It is not easy to, establish 
a clear boundary between the two types of polymers: crystalline products are generaUy obtained with 
content lower than about 10-12% by moles, amorphous products with a perfluorod.oxole content h.gher than about 

^Tht cr^TtalHne copolymers are useful, additionally, as dielectric materials. The amorphous copolymers are i useful^ 
additionally, as coating for articles to be electrically insulated. Moreover, due to their low refraction index, they are 
suitable for optical fiber coatings. . ..^i.,-!.. 

The copolymers and terpolymers according to the present invention can contain an amount of P°*>™^™*» 
from about 0. 1 % to 70% by moles and more, i.e. up to polymers containing only a few percent of monomer or monomers 
different from perfluorodioxole. 

The following examples are given for illustrative purpose. 



EXAMPLE 1 

Preparation of 4 5-dichloro-? ? 4-trifluoro-5-trifluorometh oxv-1. 3-dioxolane (1st process) 

in a 250 ml multi-necked cylindrical g.ass reactor equipped with: mechanical stirrer. ^^^X^sfmrno'tes! 
for the reaction gaseous mixture, outlet with inert gas flow. 63 g of 4.5-dichlor^2.2-d,fluoro-1 .3^oxo.e (356 mmo les) 
and 200 ml of CF 2 CI 2 as solvent were loaded: The reactor was then brought by means of.a cryostat 00 C at this 
point, under mechankl stirring, a mature of CF 3 OF (1 .3 nl/h) and helium (6 nVh) was con inuously fedfor 7 .ohou£ 
Then in helium flow (1 nl/h). the temperature was raised to -70'C to eliminate the excess of CF3OR From ^ reaction 
pTiuc" after distillation of the most part o, the sofcent. the rea tion products ^ "^^ 
on a plate column at atmospheric pressure. The fraction having boding point 77-78 C cons, ^ ed ^ T^^O g ot 
4.5-d^h.oro-2.2.4-trif.uoro- 5 -trif.uoromethoxy-1 ,3-dioxo.ane, was collected. The so ^^J^^.^^. 
b.end of two isomers, anti isomer (91%) where the. two C. atoms are in ant. posrtion; 51 ^^^ ^ 
two CI atoms are in sin position. In the fraction having boiling point 47-50-C, 10.2 8 f ^^d^£Sl^ 
1 .3-dioxolane with an isomeric sin/anti ratio of 68/32 were isolated. The conversion of the starting dioxole w* ^°mp-te. 
The yield in 4.5-dichloro-2,2,4-trifluoro-5-trifluoro-methoxy-1 ,3-dioxolane, defined as ratio between the obtained d.ox- 
oiane moles and the starting dioxole moles, was 73%. 

Characterization of 4.5-dichloro-2,2-4-trif)uoro-5-trif tuoromethoxv-1 .3-dioxolane. 

Boiling point at atmospheric pressure: 77.5°C. 
19 F NMR spectrum in p.p.m. from CFCI 3 =0. 
Anti isomer: 
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. (2F O-CPF'-O) P = -55.2: F" = -53.6 JPF" = 67Hz; (3FOCF 3 ) -55.0: 0 F-CFCi-) -57.3. 

S ^PF-O) P = -55.7: P" - -57.2 JPR , 66Hz: (3FOCF 3 ) -54.8: (1 F-CFCI- ) -60.6. 
Lass spectrum (electronic impact), main peaks and relevant ass'gnmen^ 
245 (M+-CI), 179 (C 3 F 4 0 2 CI+) ( 132 (C 2 F 4 0 2+ ). 35 (CF 2 CI + ). 69 (CF 3 100.) 
Infrared spectrum, main bands (cnr'): 
1282, 1206, 1094. 1043. 940, 898, 877, 843. 

EXAMPLE 2 

n^.nnenation of 4. ^-.^ l o f n- ? P.,-tririuoro.S..rifl„or 0 methoxy-l rv^oxo.ane (1st process L 

, n a 1 . three-necked flask, equipped with magnetic stirrer ■ 
tained at -75'C. 33.8 g of zinc powder, actuated by wash.ng <^™^^™^Z£k^2*44^ 
under nitrogen atmosphere. The internal temperature was b ™#^™ C ™ ^ded dropwise. During the addition. 
SMrifluorom^ 

the temperature increased up to 98 c ; ^en^he ado. o . 5 . trifluorometnoxy . 1 , 3 ^ iox0 ie condensed. The 

n^d^ 

) Characterization "1 P 2.4-triflun rn-S-trifluoromBthoxv-1 .3-dioxole: 

Boiling point at atmoshperic pressure. 24°C. 
'9F NMR spectrum in p.p.m. from CFCI 3 =0 
-147 1 (IF, =CF-). -61 3 (3F. CF 3 -) . -47.0 (2F, -OCF 2 0). 
Mass spectrum (electronic impact), main peaks and relevant ass.gnments. 
210 (M+). 191 (M+-F). 135 (C 2 F s O), 69 (CF 3 100%) 
Infrared spectrum, main bands (cnr 1 ): 
1850. 1394, 1276, 1239. 1189. 1068, 997. 

EXAMPLE 3 

n«h a | OQ enation qm , i 9 P.t 6 tr a chlor o-i-fluoro-2-trifluoromPthowrthane (2nd process). 

ma,, three necked flask, equipped with mag^ ? -^0^fS^ 
a Vigreux column and a condenser to a trap ma.nta.ned at -75 C :™**™*^j^ internal temperature was 
HCI 3N. 550 ml of DMF and 50 mg of Kl were charged under nitrogen aX ™^"%™° , ™ es) were added drop- 
brought' to 80-C and 102.0 go. ,.1,2.2-tetrach.oro-l.f.uoro^-trrt l^^ ^^^L reaction mbcture 
wise. During the addition, the temperature mcreased up to 90 £ When the add-on 2 . trif|uorometn . 

83%. 

EXAMPLE 4 

Proration of 4.^H.nhin r o-2.2.4-tri f M^.,rmuoromethoxv-1 3-dioxolane (2nd process ! 

for the reaction gaseous mbcture. outlet wrth ,nert gasflow 1 V5g ^^'^h^ought by means of a cryostat to 
mmo.es) and 50 m. of CF 2 C^ as solvent were ^wduc^L Th. J^^^JJ*, (3 nVU) was contin- 

.ractiona. distiUation on a plate column at atmosphere pressure. The '^"^g bo jry po m ^ 
by 5.6 g o, 4.5-dich.orc,2,2.4.tri,uoro-5-trifluoro^ and sjn jsomer 
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thoxv , 3-dicxo.ane yie.d. defined as ratio between the obta^ed dfcxCane mo,es and the 

2 2 4-trifluoro-5-trifluoromethoxy-1 t 3-d«oxoiane yie 
siarting CF 2 (OF) 2 moles, was 66%. 

EXAMPLE S 

, tin a r 7 s»C 2 0 q of zinc powder, activated by washing with HC 4 ,5^ichloro-2.2,4-tr.- 

?,uo o-S-trifluoromethoxy-l.^^olane. prepare as jn Example 4^ mb(ture ^ stjrred fQr ^ dd(t , 

temperature increased up to 94-C. When the addrt.on «a • ° ve ' ^ e q 4 _ trjfluoro . 5 -trffluoromethoxy-1 ,3-d.oxole^ 
SteTat 90-C. >n the co.d trap 0.950 g of a mixture cp^ ^Z^9 dioxo.ane. condensed. The d^e yield 
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40 



69% 

EXAMPLE S bis 



? -Tat 7S-C 11 6 g of zinc powder, activated by washing with HC jn. 4 .5-dichloro-2.2,4-tr l - 

— O -1 o/ 



reacted dioxolane moles, was 91%. 



EXAMPLE 6 

45 converted product was 85%. 
EXAMPLE 7 . 

TKornm pmeassabl- ^ '-""^ethylene copolymer 
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Thermopro c ftgs«"'g tour,,. ^ 

A 5 , A1S , 31S chromium plated stee, autociave was ^^^^^^ * 
evacuation. 3 . of demoralized water, CHC 3 a ^' n Eventually an aqueous microemuls,on , of 

formula (IV) in an amount of 2.1 g/l H2 o W™™" ° u ° P T te nt 4 864 006. so as to have 2 g of surfactant/!^, were 
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had bean fed. the reaction was stopped. The compos rtion f .nai the emulsion was discharged 

37 73?TFE 12% FMVE; 0 27% dioxole. The reactor was ^'^^^ with ^er and dried. Table ! reports 
:L edited by addition o, HN0 3 (65%). ^^a^ °< the terpo.ymer were dete, 

tne data relating to the poiymer charac.enzaim The »^ D .?238-52T standard, using a modif.ed dev.ee 

531 50 by the observed extrusion rate, expressed .n grams/m nute^ 

The terpolymer composition was determined ^^^^ Ca.orimetry (DSC) using a Perkin-Elmer Mod 
The melting temperature was ^T^^^SbSS from room temperature to 350-C with a 1 0TCI 
,V ca.orime«er. About 10 mg o, the ^ ^^f^ZZ c^ *> «*>™ * ' ^'^'"ndto 

min rate. The sample was ma.nta.ned "^^^^J?^*. During this step, the temperature correspond^ 
>!The heating process at 350'C was repeated wi* the Mlcate J as . second melting temperature" [T m ( )]- 

^[o the maximum of *e melting endotherm curve wa^ ^ yje|d stfess fl| on 

For the determination of tens.le properties '™ 8- % were prepared by compression molding 
and Young modulus), some plaques having a 1.58 ± 0.08 mm ^ d tnerQfrom to meaS ure mechanical properties 
according to ASTM D-3307-81 standard. ^ s P~ ,men * rale was 50 mm/min. Usually, for each 

according* ASTMD-1708 standard. * ^ ^ " 

polymer sample. 3 measurements were carried out. a r ~ m mjn before tne measu rement. 

nigh temperatures, the specimen was Kept «^^^2£Ld in ASTM D-2176-63T for the MIT Flex Lrfe 
To determine the stress resistance, the standard equipment ^ ^ fjlm ^ specimcn wa s 

was used. The measurement was carried out on spe c.mens ^>ned no m ^ g n ^ ^ rjghtward 

Sped in the jaws of the equipment and a 1 ^^^^^t 1 75 cyc.es per minute. The number o, 

carried out. and the average value was reported. 
FX AMPLE 8 

x„„ passable tetraf ■ ^ Y lanQ cooo'vmer. 

peH.uo^e PD « a-*- P— ' *"*— N ° haV ' n9 ,0 ' m "' a 

•*o CF ' CF 

I I 

°\ /° 

CF, 

was used , ,h differ - that 1 43 g/Uo (equivalent to 0.01 ^'^H2o) of pertluorodi- 

„ was operated as in Example 7. with the differ. a ™ 1 ^ ^^J^ (% by mo les) : TFE 84.8. FMVE 1 2.2. 
oxole PD were fed. The starting gaseous phas • ^ £££ Table J re ports the data renting to polymer 
and PD 3 0. while the final composition was. TFE 88. FMvt u, 

characterization. thermoprocessable copolymers according to the present invention 

Upon examining Table 1 . we can notice ^^^^Ta^ better than those of FEP terpolymers. 
have melting temperature. and mechanical ^^f^^Tne^ perfluorodioxole according to the preser. 
Moreover, upon comparing the data of Example 7 (rela ingtoa , ne P unexpectedly 

. mention) with th'ose of ^l^X'X^^^^ ^ 
confers to said copolymer a supenor flex He a "°' mp 
at 250-C. as regards breaking stress and elongat.on at break. 
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TABLE 1 
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COMPOSITION. PROPERTIES 


EXAMPLE 






i 


a 

o 


FMVE 


% by moles 


1 c 
2.D 






% by weight 




4.3 


Dioxole 


% by moles 


0.3 


0.3 




% by weight 


0.77 


0.53 


Melt Flow Index (g/10 1 ) 


9 ) 


9 


T m (H) (°C) 




294.4 


297 


Flex life 




2332 


843 


Prooerties at 23°C 






Elastic Modulus (MPa) 


487 


488 


Yield Stress (MPa) 


13.6 


13.6 


Stress at Break (MPa) 


24 


20.5 


Elongation at Break (%) 


333 


297 


Prooerties at 200°C 






Elastic Modulus (MPa) 


45 


50 


Yield Stress (MPa) 


2.9 


3.0 


Stress at Break (MPa) 


6.9 


6.3 


Elongation at Break (%) 


291 


264 


Prooerties at 250°C 






Elastic Modulus (MPa) 


25 


30 


Yield Stress (MPa) 


1.9 


2.0 


Stress at Break (MPa) 


4.4 


3.2 


Elongation at Break (%) 


364 


158 * 



40 



45 



50 



55 



EXAMPLE 9 

K A t», Aan r F and TTD (2 2 A-trfflimr o-5-triftuorom ethoxv-l ,3-dioxole) 
Crystalline cooolvmer between o ^ b i ano i ) u ^ t ^,*» Ui " u ^'^ — 

reagents, 8 ml of CCl 2 r^i- 2 ^i, ^ .0 mi 01 ci u.o^ /0 r ♦ #% * rQf i llrtrri othuipne were introduced. The reactor 

2 2,4-trifluoro-5-trifluoromethoxy-1 .3-dioxo.e and 10 mmoles of x *?«^^™l£ X £^ was heated to 
was then brought to -196-C and evacuated. After letting * warm up ^^T^^^^^ 
and kept at 40°C for 8 hours under stirring. The raw reac ,on product J^"* ^ *J2^ a pressure of 1 mbar; 
broughtto the temperature of-.iquid nitrogen-, connected .toavMUUR ' ^J^SSJSS traps at - W C. -t20»C 
then 9 rt was .et warm up to room temperature^ 

and -1 96'C. The trap at - WC conta.ned only CFCIapF^L ™™P» 1 ^ unr eacted C 2 F 4 . After distillation 

and 0.23 mmo.es of unreacted dioxole. The trap at -196-C Tde^Icuum aU20»C?or 2 hours. 0.910 

of the solvent and of the unreacted monomers and stnppmg of the po^rner under d monomers 
g of polymer were isolated. The weight balance determ.ned by V**-*^^^™*™ 
'..owed to calculate the molar percentage of dioxole ,n the P^'^'f^^l m ^ g AH of 9.8 cal/g; the 
The meting point was determined by DSC. th. pojmer mjt o7 oJTt 53(?C. The po.ymer was- 

Thermal Gravimetric Analysis (TGA) showed a weight loss of 2 A at 448 C ana or 
compression moulded (at 330'C. 122 atm) into a transparent and strong film. 
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EXAMPLE 10 

Crystalline copolymer between C ^ Ri and TTD 

In a 42 ml glass polymerization reactor, equipped with magnetic stirrer and inlet for feeding and discharging the 
reagents, 15 ml of CCI 2 FCF 2 CI, 3.0 ml of a 0.35% solution of perfluoropropionylperoxide in CCtoFCFgCI. 1 . 1 7 mmoles 
of 2,2,4-trrfluoro-5-trifluoromethoxy-1 ! 3-dioxole and 20 mmoles of tetrafluoroethylene were introduced. The reactor 
was then brought to -196°C and evacuated. After letting it warm up to room temperature, the reactor was heated to 
and kept at 40°C for 8 hours under stirring. The raw reaction product appeared as a gelatinous mass. The reactor was 
brought to the temperature of liquid nitrogen, connected to a vacuum pump and maintained at a pressure of 1 Or 3 mbar; 
then it was let warm up to room temperature, subdividing the evolved vapours by means of cool traps at -85°C, -1 20°C 
and -1 96°C. The trap at -85°C contained only CFC^CFjjCI. The trap at -1 20°C contained 2.90 mmoles of CFCIgCFgCI 
and 0.60 mmoles of unreacted dioxole. The trap at -196°C contained 3.27 moles of unreacted C 2 F 4 . After distillation 
of the solvent and of the unreacted monomers and stripping of the polymer under vacuum at 1 20°C for 3 hours, 1 .330 
g of polymer were isolated. The weight balance determined by gJ.c. of the traps containing the unreacted monomers 
allowed to calculate the molar percentage of dioxole in the polymer which resulted to be 3.3%. 

The melting point was determined by DSC: the polymer melted at 296.7°C with a melting AH of 7.5 cal/g; the 
Thermal Gravimetric Analysis (TGA) showed a weight loss of 2% at 457°C and of 10% at 537°C. The cristallinity 
percentage, calculated from the melting AH, was 38%. The polymer was compression moulded (at 330°C, 122 atm) 
into a transparent and strong film. 

EXAMPLE 11 

Amorphous copolymer between TTD and C »F^. 

In a 42 ml glass polymerization reactor, equipped with magnetic stirrer and inlet for feeding and discharging the 
reagents, 3 ml of CC^FCFgCI, 0.5 ml of a 1.3% solution of perfluoropropionylperoxide in CCIgFCFgCI, 2.0 mmoles of 
2,2.4-trifluoro-5-trifluoromethoxy-1 ,3-dioxole and 10.0 mmoles of tetrafluoroethylene were introduced. The reactor was 
then brought to -196°C and evacuated. After letting it warm up to room temperature, the reactor was heated to and 
kept at 40°C for 8 hours under stirring. The raw reaction product appeared as a gelatinous mass. The reactor was 
brought to the temperature of liquid nitrogen, connected to a vacuum pump and maintained at a pressure of 1 0r 3 mbar; 
then it was let warm up to room temperature, subdividing the evolved vapours by means of cool traps at -85°C, -1 20 W C 
and -196°C. The trap at -85°C contained only CFCI 2 CF 2 CI. The trap at -120°C contained 3.50 mmoles of CFCI 2 CFCI 
and 1.4 mmoles of unreacted dioxole. The trap at -1 96°C contained 7.89 moles of unreacted C 2 F 4 . After distillation of 
the solvent and of the unreacted monomers and stripping of the polymer under vacuum at 120°C for 3 hours, 0.335 g 
of white, solid polymer were isolated; the polymerization yield was 24%. The weight balance determined by g.l.c. of 
the traps containing the unreacted monomers allowed to calculate the molar percentage of dioxole in the polymer which 
resulted to be 22%. The glass transition temperature (T g ) of the polymer, determined by DSC, was 74°C; the DSC 
track did not show any melting point: the polymer was amorphous. The Thermal Gravimetric Analysis (TGA) showed 
a weight loss of 2% at 410°C and of 10% at 457°C. 

EXAMPLE 12 

Amorphous copolymer of TTD and C ^F^, 

In a 31 ml glass polymerization reactor, equipped with magnetic stirrer and inlet for feeding and discharging the 
reagents, 1.0 ml of CCI 2 FCF 2 CI, 1.0 ml of a 1.3% solution of perfluoropropionylperoxide in CCIgFCF^I, 5.0 mmoles 
of 2,2,4-trifluoro-5-trifluoromethoxy-1 ,3-dioxole and. 10.0 -mmoles of. tetrafluoroethylene -were introduced. The reactor 
was then brought to -196°C and evacuated. After letting it warm up to room temperature, the reactor was heated to 
and kept at 40°C for 8 hours under stirring. The raw reaction product appeared as a gelatinous mass. The reactor was 
brought to the temperature of liquid nitrogen, connected to a vacuum pump and maintained at a pressure of 1 a 3 mbar; 
then it was let warm up to room temperature, subdividing the evolved vapours by means of cool traps at -85°C, -1 20°C 
and -1 96°C. The trap at -85°C contained only CFCI 2 CF 2 CI. The trap at -1 20°C contained 2.40 mmoles of CFCI 2 CF 2 CI 
and 4.42 mmoles of unreacted dioxole. The trap at -1 96°C contained 8.8 moles of unreacted C 2 F 4 . After distillation of 
the solvent and of the unreacted monomers and stripping of the polymer under vacuum at 120°C for 3 hours, 0.240 g 
of white, solid polymer were isolated. The weiight balance determined by g.l.c. of the traps containing the unreacted 
monomers allowed to calculate the molar percentage of dioxole in the polymer which resulted to be 32%. The glass 
transition temperature (T g ) of the polymer, determined by DSC, was 82.0°C; the DSC track did not show any melting- 
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point: the polymer was 
and of 10% at 421 °C. 
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amorphous. The Thermal Gravimetric Analysis (TGA) showed a weight loss of 2% at 381-C 



EXAMPLE 13 

TTD homopolvmer 

.„ . 18 m. g-ass polymerization reactor, equipped with magnetic ^^^<£%^^^^ 
reagents, 1.0 m. of a 7.0% so.ution of .etting 

of the solvent and of the unreacted monomer, and stripping of the polymer under vacuum at 80 C for 2 hours. 0.550 

w.»«X -CF CF, units de iving 'rom the initiator; the complete absence of -CfO)F groups was noticed, moreover, 
"rared ^poinTed ouuhe complete absence of carbony, products, showing that the TTD rinc; „d not open dunng 

POly This iZ risr rt is of particular interest since it is known that, during polymerization, the fluorodioxoles o, the prior art- 
sho Ja ceS^ deoVe^of dioxylic ring opening, with formation of carbonyl groups entering the polymenc molecule, with 
^^T^ott^i stability of the polymer. This phenomenon is described in Internationa, patent 

application WO 91/04251 , page 26. 



EXAMPLE 14 



25 TTD homopolvmer 

in a 18 ml glass polymerization reactor, equipped with magnetic st.rrer and inlet for feeding and I disc :har oing ithe 
reaoems 0 075 ml of a 7 0% solution of perfluoropropionylperoxide in CCfeFCF^I. and 5.0 mmoies of 2.2.4-tnfltor^ 
S ^fnfruorolthox^ 1 3-dioxo.e were introduced. The reactor was then brought to -196-C and evacuat ed After getting 
5 2 ™ r~m temperature, the reactor was kept at 25"C for 48 hours under stimnc, ^ 
and o, the unreacted monomer, and stripping of the polymer under vacuum at 200-C for 5 hours W 
solid oolvmer in the form of powder were isolated. Infrared analysis showed complete absence of carbonyl P«0"c»- 
The T oMhe £££ determined by DSC. was 162-C: the DSC track did not show any melting oo.nt: the potymer 
was amorphous. The TGA showed a weight loss of 2% at 331°C and of 10% at 381 C. 

EXAMPLE 15 

Amorphous copolymer of TTD and CF->=CHo. 

,n a 31 ml glass polymerization reactor, equipped with magnetic stirrer and inlet for .eeding and f ^^l 
,„ of, m i n . rri PrF CI ^ 5 ml of a 1 3% solution of perfluoropropionylperoxide in CCfeFCFgCl. ->.u mmoies 
^r^tm^^T^e^ 10.0 mmoies of viny.idene f.uoride 7^^^^ 
was then brought to -196'C and evacuated. After letting it warm up to room temperature he reactor was heated to 
an* kep? at for 8 hours under stirring. The reactor was brought to the temperature of hqu.d nitrogen, connec ed 
fo a vaclXmp and maintained at a pressure of 1 0* mbar; then it was let warm uo to room ^^^^ 
he evolved vapours by means of coo. traps a. -85'C. -1 20-C and -1 96-C. The trap at 

The trap at -120»C contained 4.20 mmoles of CFCfeCF^I and. 1.3 mmoies of unreacted d.oxole. The trap .a J9b o 
lo^ta n'ed 8.; mcSs of unreacted CF^CH, After disti.fction of the solvent and 

ping of the polymer under vacuum at 120'C for 3 hours. 0.230 g of polymer we reflated The ^£^£2, 
mined by g lc of the traps containing the unreacted monomers allowed to calculate the ^« P"^* 96 0 *°» 
in the po'ymer which resulted to be 34%. The T g of the polymer, determined by DSC was ,3*5 ^ JJ^CUac^ 
not show any melting point: the polymer was amorphous. The TGA showed a we.ght loss of 2 /» at 355 C and of 10 / 



at397-C. 
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PX AMPLE ifi (comparative) 

Amnr phous co ^™r between PO and CF^CF^ 



w 



and evacuated. After letting it warm up to ™«?g^* 9 £^^ 

under stirring. After distillation of the solvent and of the unreactec mono of traps containing 

at 120- o .or 3 hours, 1.2 g of potymer were isolated. The weight balance > ^.^ {q be 

lhe unreacted monomers aliowed to ca.cu.aU > the ^molar ^^^^Li acting point at 3,4'C and a 
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Claims 

1 . Perfluorodioxoles of formula 



20 



(I) 



CF = C - ORo 

J ! 
0 o 
\ / 

25 cx,x : 

each other, are F or CF 3 . 

2. Perfluorodioxoles according to claim 1 . wherein X, and X 2 are F. 

3. Perfluorodioxole according to claim 2, having the formula. 

CF = C - O - CF 3 

I . ! 
O o 

\ / 

40 CF : 

4. Process for preparing the perfluorodioxoles according to claim i , which comprises: 
,.) reacting at a temperature of from -140-C to + 60'C a dioxo.e of formula: 



45 



cci — cci KL ~ } 



I I 

so O O 

\ / 

CX^X. 
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CFC1— CCi - 0 - R« 

I I 

\ / 
CX-X. 

2") dehalogenating the dioxolane (III) by reaction with a metal in an aprotic dipolar solvent. 
Process for preparing the perfluorodioxoles according to claim 1. which comprises: 
O reacting at a temperature of from -140'C to -20°C an olefin of formula 

Rp-O-CCfcCFCI M 
(wherein R, is a perfluoroalkyl group having from 1 to 5 carbon atoms) with a bisfluorooxy compound of formula 

CX, X2(OF) 2 < XI > 
(wherein X, and X 2 . equal or different from each other, are F or CF 3 ). obtaining a dioxolane of formula: 

CFC1- CCI - OR F (HI) 

I I 
O O 

\ / 

2°) dehalogenating the dioxolane (III) by reaction with a metal in an aprotic dipolar solvent. 

Process for preparing the fluorodioxoles according to claim 1, which comprises reacting at a temperature of from 
50° to 150°C, a gaseous flow of the dioxolane of formula: 

CFC1 — CH - O - R ? 
I I 

\ / 

cx : :< : 

optionally in admixture with the dioxolane of formula 

i 

CFH — CCI - 0 - Re 

i 

o o 

\ / 

CX.X; 

(wherein R F is a perfluoroalkyl group having from 1 to 5 carbon atoms and X, and X 2 , equal or different from each 
other, are F or CF 3 ) with KOH in the solid state. 
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7. Homopo ^ onomers havtng oiefinic unsaturation. 

ethy ' ene ' • , laim 8 wherein the comonomer is tetraf.uoroethylene or vinyl fluoride, 

o 9. coporymers accords to c. ai m 8. wner e .nth 4 , rifluoro . 5 ,rifluoro-meth- 

Hinc to claim 3 or 9. wherein the perfluorodioxole o> formula (I) • 2.2,4 
10. Copolymers according to claim o or ». 
oxy-l,3-dtoxole. 



20 



25 



I 1 (I) 

o o 

CX r X 2 
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45 



to 100% by weight. 

dioxole of formula (I) .s 2.2.4 Drece ding claims.f rom 

oeessable copolymers of tetraf.uoroethy.ene according to anyone of the prece 
a a i icsp of the thermoprocessaoie cojwjiy" 

1! to ' 3 for coating electric cables by melt extrus,on. 



Patentanspruche 

1 . Perfluordioxole der Formel 



50 



ss 



Cc « C - 0R f 

r 1 (I) 

O.O 

., nriy und X,aleichoderverschiedenvoneinander 

F Oder CF 3 sind. 
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Perfluordioxole nach Anspruch 1 , wobei X, und X 2 F sind. 
Perfluordioxole nach Anspruch 2 mil der Formel 



\ / 

CF 2 



( IV) 



Verfal.,.n zu m He.s.ellen « Perfluordioxole *» «P»* >. — « — 

1 ) Umsetzen eines Dioxols der Formel 

CI— CCL (IT1 

l" ' 

0 Q 

\ / 
CX. 3C, 

• w c ~w rF sind^ mit einer Fiuoroxyverbindung der 
b if^ b u e ; t er F Erha.t e.nes Dioxolans der Forme. 

CTC3.-CC1 - 0 - *, <»« 

I \ 

a o 

» 0— *. O.xo.ns 0u,o. „ e.nerf, . - — - *-~ * 

sungsmittel. 

1 ) Umsetzen eines Olefins der Formel 

(X) 

R F -OCCI = CFCI 

^ Bp P.rf^ W e ^ 5-KohlepstoffatotTieo , S „ «~ * 

Formel 

(XI) 

CX 1 X 2 (OF) 2 

^ >, - K, 9 « - - F CP, »«, « - — - » 

-20°C unter Erhalt eines Dioxolans der Formel 
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CFci-cci - qr t (r:r; 

I I 

0 o 

\ / 

C3C t X, 

2) Dehalogenieren des Dioxolans (III) durch Umsetzen mit einem Metall in einem aprotischen dipolaren L6- 
sungsmittel. 

6. Verfahren zum Herstellen der Fluordioxole nach Anspruch 1, wobei das Verfahren die Umsetzung eines gasfor- 
migeri Stroms des Dioxolans der Formel 



CFCI — CH - 0 - Rf 

I I 

o o (xr:- 
\ / 
cx,x 2 

gegebenenfalls in Beimischung von dem Dioxolan der Forme! 



CTH — CCl - 0 - R f 

I I 

c a (xrr) 

\ / 

(wobei R F eine Perfluoralkylgruppe mit 1 bis 5 Kohlenstoffatomen ist und X 1 und X 2 gleich Oder verschieden von- 
einander F oder CF 3 stnd) mit KOH in festem Zustand bei einer Temperatur von 50° bis 150°C umfaBt. 

\ t Homopolymere der Perfluordioxole der Formel (I) nach Anspruch 1 und Copolymere davon mit einem oder meh- 
reren Comonomeren, die olefinisch ungesattigt sind. 

Copotymere nach Anspruch 7, wobei die olefinisch ungesattigten Comonomere ausgewahlt sind aus: Tetrafluore- 
thylen, Vinylidenfluorid, Vinylfiuorid. Trifluorethylen. Perfluorpropen, Perfluormethylvinylether, Perfluorethylvinyle- 
ther, Perfluorpropylvinylether, Perfluor-1 ,3-dioxol, Perfluor(2,2-di-methyl)-1 ,3-dioxol, CF2=CF-0-CF 2 -CF 2 -S0 2 F, 
Chlortrifluorethylen, vlnylchlorid, Methylacryiat, Methylmethacrylat und Ethylen. 

. Copolymere nach Anspruch 8, wobei das Comonomer Tetrafluorethylen oder Vinylfiuorid ist. 

0. Copotymere nach Anspruch 8 oder 9, wobei das Perfluordioxol der Formel (1) 2,2,4-Trifluor-5-trifiuor-methoxy- 
1 ,3-dioxol ist. 

1. Thermoverarbeitbare Copolymere von Tetrafluorethylen gebildet aus: 

a) 0,5 bis 13 Gew.-% Perfluormethylvinylether; 

b) 0,05 bis 3 Gew.-% ein oder mehrere fluorierte Dioxole der Formel 
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C? » C - OR, 

0 0 

/ 
CX.X. 



wob ei R, X, und X 2 die in -^-9™ Meniere 
c) Tetrafluorethylen in emer solchen Menge. dan a.e 
, 0 gieich l00Gew.-%ist. 

„ ™««— . — - ~- — — — — "• geb ' Me ' a " s; 



75 



f 20 



2S 



30 



35 



. . . OA ret 



aleich 100 Gew.-% ist. 

>e»*re Cohere «. Tetrafluorethylen ,. — — - 



Revendications 

1 . Perfluorodioxoles de formule : 



CF = C ~ OR F 

I ! (I) 

\ / 
0X3X2 



dans laquelle : 

, Perf.uorodioxo.es seton .a revocation , . dans .esoue.s X, et X 2 reprint F. 
45* ' 3/ Perf.uorodioxo.es seton .a revendication 2. ayant .a formule : 

CF = C - 0 - CF 3 

so \ / 

CF 

55 consistant a : ,. rmil u • 

.. . ^ a 1 /tn°c a +60°C un dtoxole de formule . 
(1) (aire reagir a une temperature se srtuant dans ...pig. a»ant de -140 C a + 6 
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CC1=CC1 

1 1 fT-1 

o o 

\ / 

atomes de carbons), permettant d'obtenir un dioxolane de formule: 

CFC1-CC1 - 0 - Rr 

\ / 

(2) deshatogener .e dioxo.ane de formula (II.) en ,e faisant reagir avec un metal dans un sCvan, dipo.aire 

aprotique. 

Precede de preparation des per.luorodioxo.es tels que definis a .a revendication 1 . qui comprend .es operations 

consistant a : 

» situant dans ia plage allant de -140°C a -20°C, une oleofine de formule: 



(1) faire reagir. a une temperature se j 



R f -0-CCI=CFCI 



(X) 



(XI) 



(dans laquelle R F est un groupe perfluoroalkyle ayant de 1 a 5 atomes de carbone) 
avec un compose bisfluorooxy de formule : 

CX,X 2 [OF) 2 

(dans laquelle X, et X 2 . identiques ou different run de ('autre, represented F ou CF 3 ). 
permettant d'obtenir un dioxolane de formule : 

CFCl-CCl - OR F 

\ / 

0X^2 

(2) deshalogener .e dioxotene (...) en .e faisant reagir avec un meta. dans un so.vant dipo.aire aprotique. 

S. Prccededepreparationdesf.uorod^^ 

a faire reagir, a une temperature se situant dans la plage allant de 50 C a 1 50 C, un couram g 

de formule : 



22 



EP 0 633 257 B1 



CFCl-CH-O-Rp 

I ! 
o o 

\^ / 

CX 

facultativement en melange avec le dioxolane de formule : 



CFH-CCl-O-Rp 

II. 

o o 

\ / 

cx x x 2 



(XI) 



(xn: 



(dans laquelle Ft F est un groupe pertluoroalkyle ayant de 1 a 5 atomes de carbone et X, et X 2 . identiques ou 
differents I'un de I'autre, representent F ou CF 3 ), 
avec KOH a I'etat solide. 

7. Homopolymeres des perfluorodioxoles de formule (I) tels que definis a la revendication 1 , et copolymer es de ceux- 
ci avec un ou plusieurs comonomeres ayant une insaturation olefinique. 

8 Copolymeres selon la revendication 7, dans lesque.s les copolymeres ayant une insaturation olefinique sont choisis 
parS le tetrafluoroethylene. le f.uorure de vinylidene. le fluorure de viny.e. ,e trmuoroethWena | e 
pene. le perfluoromethylvinylether. le perfluoroethylvinylether. le perfluoropropylv.nylether. e P e « u °'^^™° 
Te, le perfluoro (2.2-dimethyl)-1 ,3-dioxo.e. CF 2 =CF-0-CF 2 -CF 2 -S0 2 F. le chlorotrrfluoroethylene. le chlorure de v,- 
nyle, Tacrylate de methyle. le methacrylate de methyle et I'ethylene. 

9. Copolymeres selon la revendication 8. dans lesquels le comonomere est le tetrafluoroethylene ou le fluorure de 

vinyle. 

10. Copolymeres selon I'une des revendications 8 ou 9. dans lesquels le perfluorodioxole de formule (I) est le 2.2,4-tri- 
fluoro-5-trifluoro-methoxy-1,3-dioxole. 

11. Copolymeres de tetrafluoroethylene thermoformables. constitues par : 

{a) de 0,5 a 13% en poids de perfluoromethylvinylether ; 

(b) de 0,05% a 3% en poids d'un ou plusieurs dioxoles fluores de formule :. 

CF = C - OR F 
I I 

0 0 (I) 

\ / 

dans laquelle R F . X 1 et X 2 ont la signification donnee a la revendication 1 ; et 

, (c) du tetrafluoroethylene dans une quantite telle que la somme des pourcentages des differents monomeres 
soit egale a 100% en poids. 
12. Copolymeres thermoformables de tetrafluoroethylene selon la revendication 11, constitues par : 
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(a) de 2 a 9% en poids de perfluoromethyl vtnylether : 

(b) de 0.1 a 1,5% en poids d'un ou plusieurs dioxoles fluores de formule (I) : et 

(c) du tetrafluoroethylene dans une quantite telle que la somme des pourcentages des differents monomeres 
soit egale a 100% en poids. 

3. Copolymers de tetrafluoroethylene thermoformables selon Tune des revendications 11 ou 12, dans lesquels le 
dioxole fluore de formule (!) est le 2,2,4-trifluoro-5-trrfluoromethoxy-1 ,3-dioxole. 

4. u:;._ution des copolymeres de tetrafluoroethylene thermoformables tels que d<§finis a rune quetconque des re- 
vendications precedentes 11 a 13, pour renrobage de cables 6lectriques par extrusion £ l'6tat fondu. 
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